Introduction to the CAQ network
This special issue on "Tree growth and forest production modelling, at different spatio-temporal scales, for various ecosystem processes, functions and services" was initiated during the 13th annual meeting of the CAQ network, held in Grenoble (France) during 2010. The history of this network goes back to the early 1970s, when a small group of dendrometricians from France, Belgium and Switzerland met annually (among others J.H. Bartet, J. Bouchon, M. Buffet, F. Cailliez, N. Decourt, P. Duplat, B. Lemoine, J. Rondeux, J.P. Schütz). Amicable scientific discussions focused around forest statistics, tree growth and stand dynamics and simulation, and were an opportunity for junior scientists to meet their elders. For reasons it would be politically incorrect to reveal in detail here, the group was abruptly dissolved during 1985.
It took more than 10 years before the "CAQ Project" was submitted for funding in 1997. The project was "an attempt to include ecophysiological considerations into tree growth and wood quality models based on statistical and empirical approaches" that were developed at that time. The name "CAQ" was initiated from the combination of growth (croissance), breeding (amélioration) and wood quality (qualité du bois). The initial idea was to gather scientists from INRA and other French research and development institutes involved in tree growth, breeding and wood quality, as well as ecophysiologists, around a central topic. The initial CAQ network involved scientists representing a large spectrum of fields of research such as forest ecophysiology, tree growth and yield modelling, wood quality, tree breeding and genetics as well as mathematics and informatics (Nepveu et al. 1997) . Although the funding of the project was far below our expectations, a financial support was provided by the French Ministry of Agriculture in the frame of a pluri-annual cooperative programme entitled "Modelling and software integration: growth, branchiness, wood quality-decision support for silviculture and wood use of several French forest species". From then on, researchers and developers involved in the programme met annually during 1-2 days. Although the funding ran out at the issue of the 5-year programme (Auclair 2002) , the CAQ meetings continued on an annual basis and became the focus point of scientists and engineers from various countries involved in applied and basic research projects and wishing to exchange their experience on their often contrasted work, but animated by the same "CAQ spirit". The CAQ group became the "network of French-speaking researchers and developers involved in forest and wood modelling", addressing: (1) the development of elementary models (growth, branchiness, wood density…), (2) their integration in decision tools (simulators) and (3) the use of these simulators to answer more or less complex questions. The latter objective explains the close cooperation with the community developing the CAPSIS platform (Dufour-Kowalski et al. 2012) .
The initial objectives of CAQ have extended with the evolving socio-economic context, and now address broader topics, such as: (1) more complex systems (uneven-aged and mixed stands, global change), (2) new modelling issues (landscape, CO 2 balance throughout the forest wood chain, employment, income, ecosystem sustainability, biodiversity…), (3) multicriteria simulation and optimization and (4) risk considerations (fire, storm, fluctuating wood price, changes in wood use…). The CAQ mailing list now comprises 314 scientists, professors, engineers, extension agents and ministry representatives, from eight countries (mostly French). Annual meetings gather from 30 to 50 persons for an average of 20 oral presentations, which are all available on the website http://www4. inra.fr/efpa/Animation/Reseaux-d-animation#CAQ. In addition to the French-speaking community, many CAQ members are also actively involved in international groups, in particular the IUFRO 5.01.04 Working Party "Wood Quality Modelling", coordinated by Gérard Nepveu from 1991 to 2005, who organized during this time five workshops on the topic "Connection between Forest Resources and Wood Quality: Modelling Approaches and Simulation Software".
Fifteen papers illustrating the scientific production of the CAQ network
The objective of this thematic issue of Annals of Forest Science is not to synthesize the results of "15 years of brainstorming", nor to list the scientific papers produced or to compute a bibliometric index or the number of lines of computer code written. It neither is to collate the experimental and observation areas established and monitored, the scientific projects written, submitted, and eventually accepted, following the discussions which took place throughout the CAQ annual sessions. The papers presented in this thematic issue are a sample of the latest results obtained by members of the network. Not all ecosystem processes, functions and services addressed by CAQ are described here, but the selection of papers comprises different scales or "organization levels" ranging from tree branch to region, and addresses issues ranging from applied research to theoretical developments.
The first three papers address the branch scale. Courbet et al. (2012) describe a model accounting for branch diameter distribution among growth units of Atlantic cedar (Cedrus atlantica), showing the influence of acrotony. Morisset et al. (2012) show that the frequency of epicormic shoots in oak (Quercus petraea and Quercus robur) is strongly dependent on the individual tree, suggesting that silvicultural management should favour the individuals free of epicormics and concentrate on felling those which are prone to their development. De propose a theoretical model of the dynamics of individual shoots based on the renewal theory, to account for stochastic aspects of phytomer production resulting from meristem extension and rest periods, and mortality.
The two following papers address the tree crown level. Letort et al. (2012) investigate the dynamics of trophic competition within a Cecropia sciadophylla crown, which they model according to local environmental conditions. Da Silva et al. (2012) analyse the opportunity to simplify the description of tree crowns for modelling light transmission; they show that using a geometric shape can prove acceptable, whereas simple allometric relations can seriously reduce the accuracy.
Two papers address the issue of self-thinning in different types of stands. Rivoire and Le Moguédec (2012) use a generalized modelling approach to extend the relation initially calibrated for homogeneous stands to mixed species and mixed size forests, they show that it is possible to adjust a theoretical relation for oak (Q. petraea and Q. robur), beech (Fagus sylvatica), and spruce (Picea abies) in mixed stands. Charru et al. (2012) analyse data from the French National Forest Inventory and show that the shape of selfthinning relationships exhibits important variations between species; they also point out the high influence of ontogeny on self-tolerance. Five papers address the stand level. Dufour-Kowalski et al. (2012) describe the CAPSIS framework, which is used extensively by many CAQ members, and also by other forest modellers, for implementing, integrating, simulating and comparing forest models, by sharing the software developments. Lafond et al. (2012) propose an algorithm to reconstruct past harvesting diameter distributions in selection systems, for implementation in growth simulators when insufficient information is available. Le Moguédec and Dhôte (2012) describe in detail the distance-independent tree-centred Fagacées growth and yield model for sessile oak (Q. petraea) and beech (F. sylvatica), which first computes growth at the stand level and in a second stage allocates growth between the individual trees. Feng et al. (2012) combine an individual tree architectural model for black pine (Pinus nigra nigra) with an empirical stand model, to simulate individual tree structure development according to silvicultural scenarios, with an application to whole stand visualization. Fortin and Langevin (2012) analyse the importance of implementing stochastic processes in stand models and show that deterministic simulations can result in biased predictions.
The last three papers address wider areas. Dreyfus (2012) uses an individual-based stand dynamics model which simulates recruitment, growth and mortality, which he implements at the landscape level by considering the spatial arrangement of stands and species (beech-F. sylvatica, fir-Abies alba, pine-P. nigra, Pinus sylvestris and Pinus uncinata), resulting in a decision support tool accounting for colonization and forest maturation. Wernsdörfer et al. (2012) , using a resource projection model based on French National Forest Inventory data at the regional level, show the impact of region, species composition and stand structure on resource predictions, in particular on estimation of the recruitment process. Barbier et al. (2012) develop a theoretical framework for analysing large-scale forest structure from remote sensing data, with promising applications for assessing forest structure, dynamics, matter and energy budgets, and forest degradation.
Some ideas about the future of the CAQ network
The 15th annual CAQ meeting, due to take place on 2-4 April 2012 in Nogent-sur-Vernisson (Loiret, France), is an opportunity to think about the prospects, particularly as the two co-coordinators of the network will withdraw to let a younger generation take over. Our aim here is not to dictate any future action-we leave this to our successors-but to point out a few challenges ahead of us, concerning scientific and management issues.
The statement of Box and Draper (1987) that "all models are false, but some are useful" is often cited by modellers, although sometimes disputed. Without entering into such a controversy, it is important to keep in mind the objectives of the model(s) we develop, which range from the improvement and organization of scientific knowledge to decision support systems. Recent progress in scientific knowledge poses particular challenges.
Scientific knowledge on plant physiology is making tremendous progress, but processes at the cellular level still require considerable attention, and their integration into higher levels of organization-and complexity-is a serious challenge. A real integration of existing-and futureknowledge on tree architecture processes into "functionalarchitectural models", correctly addressing population-and community-level questions, is another important issue. The increase in computer capacity and the development of information technology in the past decades offer many new possibilities, such as the management of large databases ("data cloud" management), large-scale clusters, massive computation ("cloud computing") and HPC ("high performance computing"), the development of web services and the widespread use of open-source software, or the implementation of "in silico" experiments permitting numerous replications. Bayesian methods have resurged with the development of Monte Carlo techniques and offer new statistical applications in connection with decision theory and machine learning. And in return, as stated by Cohen (2004) , future biological challenges could stimulate major innovations in mathematics, for example in modelling multilevel systems, or in further-and better-addressing plantenvironment interactions, plant-insect or more largely plantanimal (including humans) interactions, and more generally in the domain of "complex systems". New technologies offer tremendous opportunities to improve and integrate "basic" knowledge, to simulate increasingly complex phenomena, to store masses of data and results… however, this acceleration of technological performance and the ease of use of complex and powerful technology open the way to the temptation of entering-and remaining within-virtual reality, developing large-scale high-tech virtual experiments and producing masses of virtual data. We are not always able to analyse in a satisfactory manner the widespread accumulation of data (either coming from the real world or from virtual experiments), to select the really pertinent data and to reflect upon the knowledge acquired through these tools, which must remain tools and not become an objective per se.
In his keynote presentation of "LandMod2010" International Conference on Integrative Landscape Modelling, one of us emphasized that "In the past 20 years, and even more so since the beginning of the 21st century, a large number of models destined to forest and natural ecosystem management have been developed, with multicriteria or multiscale approaches. With improvements in computer capacity, mathematical developments on the issue of complexity, multicriteria optimisation and multiscale modelling methods, there is now a great opportunity for developing robust decision support systems for long-and short-term planning" (Auclair 2010 ). In the twenty-first century even more than previously, managers and decision makers are increasingly facing new challenges, in relation to natural and/or anthropogenic changes. Climate change is one important element which profoundly modifies the way forest planning must be envisaged: forest growth will be impacted, but also future geographical distribution of species. Important changes in land use are also impacting large forest areas, and recent trends lead forest managers to base their decisions on increasingly global organization levels, moving upwards from parcel and forest estate to landscape. In this changing and uncertain environment, which includes varying regulatory and economic conditions, forest and natural ecosystem managers are increasingly requested to address simultaneously a large variety of ecosystem services (MEA 2005) . This requires advanced decision support tools, such as expert and knowledge-based systems, multicriteria techniques as well as communication and visualization tools.
Carbon management (sequestration, substitution, adaptation) is a sensitive political issue. It remains unclear what is the optimum silvicultural system to maximise carbon sequestration (notwithstanding other ecosystem services). The use of forest products for building or for energy production as a substitute for fossil materials faces the powerful energy and building industrial lobbies. Despite a common belief that plant growth can be expected to increase with increasing CO 2 , there is evidence that carbon is not the limiting factor for plant growth (Díaz et al. 1993) , and if plants or ecosystems do not adapt to global change, managers must anticipate and adapt their management systems. In addition to high temperatures and CO 2 content, rare climatic events such as severe droughts and windstorms are expected to become more common in future, as well as wildfires, erosion and landslides, and it is important to anticipate risks in forest management.
Biodiversity has become an increasing concern worldwide, particularly since the Rio "Earth Summit" in 1992. Forest and natural ecosystem management addresses biodiversity and its various components: genes, species and ecosystems. Many important issues must be considered in this respect, such as pollination, seed dispersal (including GMO dispersal) and invasive and/or alien species.
Forest management and ecological engineering most often address one or two objectives, rarely more, and very rarely the interactions between these objectives. Managers generally address the considered objective(s) at the most appropriate organization level(s), but rarely account for spatial dependency. Although there is a trend for forest management to address multiple objectives, it is becoming necessary to address the entire spectrum from plant through forest stand to region for a large number of objectives to be considered.
We are convinced that the progress, the vitality, the originality and the social utility of the CAQ network, particularly since it has been reinforced by a close cooperation with the developers in charge of the CAPSIS platform, are based on the fact that it has endeavoured to unite intimately the production of "good science" and the development of models produced thanks to this "good science", resulting in multicriteria and multiscale simulation software which help the stakeholders of the forest wood chain (including scientists) to address the increasingly complex questions they are facing, in connection with the other needs of society. This conjunction of the two pillars, model delivery and simulation software production, is a key to the future successes of CAQ.
